IMPORTANCE Exfoliation syndrome (XFS) is a systemic connective tissue disease, and abnormal connective tissue metabolism is implicated in inguinal hernias (IH). Associating XFS with comorbid conditions may illuminate their underlying pathophysiology and affect clinical screening and treatment. Exfoliation syndrome involves altered systemic extracellular matrix (ECM) homeostasis involving elastin metabolism. Hernias occur owing to abnormal ECM synthesis, metabolism, or repair. Inguinal hernias involve weakening or rupture of the abdominal/groin wall.
E xfoliation syndrome (XFS) is a complex, inherited systemic disorder characterized by abnormal accumulation of extracellular matrix material (ECM). 1 Deposition of fibrillar ECM debris, or exfoliation material (XFM), within anterior segment structures of the eye is the disease manifestation to clinically diagnose XFS, the most common recognizable cause of open-angle glaucoma worldwide, comprising most cases in some countries. 2 Patients with XFS are at high risk of developing exfoliation glaucoma (XFG), a particularly aggressive form of glaucoma. The XFS phenotype, reported in multiple populations, is highly associated with genetic variants in the lysyl oxidase like-1 (LOXL1) locus, a key enzyme in ECM deposition and repair. 3, 4 Extracellular matrix material synthesis and remodeling is a systemic phenomenon, and the fibrillar deposits of XFS have been observed in heterogeneous tissues. 5, 6 Exfoliation syndrome is a systemic disease, and investigators have proposed that abnormal ECM metabolism and repair underlies the etiology of several associated diseases; researchers have reported increased risk of cardiovascular and cerebrovascular disease, abdominal aortic aneurysm, hearing loss, and pelvic organ prolapse. [7] [8] [9] [10] Hernia is the protrusion of an organ or its part through a body structure normally containing it. Inguinal hernias (IH) are a subtype of groin hernia characterized by displacement of intra-abdominal contents through weakened abdominal wall involving the inguinal canal. Inguinal hernias are classified by anatomic location and the underlying etiology as congenital or acquired. Inguinal hernias are much more common in men vs women, with lifetime risk approximately 27% vs 3%, respectively. 11 Other reported risk factors for IH include prior hernia, family history, trauma, increased age, white race/ ethnicity, and smoking (hernia recurrence); increased body mass index (BMI) is inversely associated with IH risk, while chronic cough and constipation have yielded mixed reports. [12] [13] [14] [15] [16] Groin hernia repairs are one of the most common surgical procedures, globally estimated at 20 million annually. 17 Inguinal hernia pathogenesis, although not fully understood, is recognized as a complex, familial, and likely multifactorial heterogeneous group of alterations in ECM metabolism and repair resulting in tissue weakening. Pathologic elastin and ECM connective tissue changes are implicated in both XFS and IH; moreover, each disease is associated with genetic predisposition, displaying familial or population aggregation. [18] [19] [20] These observations drove our hypothesis of a clinical association between the 2 diseases. This inquiry has been supported by our 2016 work 10 describing an association between XFS and pelvic organ prolapse (POP) in women, the latter a subtype of hernia resulting in protrusion of pelvic contents involving the vaginal wall, which is also genetically and environmentally influenced. 10 We also hypothesized risk may differ between direct and indirect subtype given etiologic differences, a novel study aspect; to our knowledge, no studies exist that examined XFS in these subtypes. To investigate these hypotheses, we performed a populationbased investigation using the Utah Population Database (UPDB), a robust research resource previously described in detail.
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Methods
Study Participants
Using University of Utah Healthcare (UUHC) medical records linked to Utah residents and their demographic data within the UPDB, we identified patients who underwent surgical inguinal hernia repair between 1996 and 2015 based on any occurrence of 1 or more International Classification of Diseases, Ninth Revision (ICD-9) or Current Procedural Terminology codes shown in Table 1 . We examined the association of XFS (ICD-9 codes 365.52 and 366.1) in patients with IH 40 years or older on January 1, 1996, compared with random UUHC population control individuals individually sex-and age-matched to cases in a 5:1 target ratio. The UUHC system consists of 4 hospitals and 12 community health centers throughout Utah, in which more than 10 000 inpatient and more than 15 000 outpatient surgical procedures are performed annually. 22 The proportion of UUHC patients 40 years and older who had a dilated eye examination at a UUHC facility was approximately 35%, and of patients having a diagnosis of IH 40 years and older in our study, 1072 of 2594 (41%) had a dilated eye examination. Institutional review board/ethics committee approval was obtained through the University of Utah institutional review board and the Resource for Genetic and Epidemiologic Research. All data were deidentified, Health Insurance Portability and Accountability Act compliant, and adhered to the tenets of the Declaration of Helsinki. Because all data were deidentified, patient consent was not obtained.
Medical Record Review
Inguinal hernia is diagnosed clinically on physical examination; however, determination of direct vs indirect subtypes can only be definitively diagnosed during surgical repair. Because direct and indirect IH differ anatomically and epidemiologically, with biochemical evidence of partially differential pathogenesis, we analyzed the IH subtypes both independently and grouped but without prespecification. Because most participants were white, adjustment for race/ ethnicity did not affect estimates and therefore was not included. All analyses were performed using SAS statistical software, version 9.4 (SAS Institute Inc).
Results
Medical Record Review Results
Of 117 patients explicitly coded as either direct or indirect IH, we confirmed coding accuracy in 107 cases (91%). In 7 of 117 patients (6%), we could not confirm subtype by the ON and considered these as probable direct or indirect IH, depending on the code specified. Three cases had stated codes in obvious conflict with the ON. In the unspecified IH group (n = 69), we differentiated direct or indirect IH subtype in 57 patients (82%), either by verbatim description or by implication based on the anatomical references from the ON. We also determined that 13 patients had 1 direct and 1 indirect hernia repair performed concurrently but were coded by a single subtype, presumably arbitrarily.
Participant Characteristics
As shown in Table 2 , we identified 2594 patients with IH, of whom 250 were women (9.6%), consistent with other reports in US populations. 27,28 Of patients with IH, 1138 (44%)
were specified by codes or determined from medical record review: 486 direct inguinal, 603 indirect inguinal, and 49 with both a direct and indirect IH (37 simultaneous and 12 sequential). We observed 22 patients with IH with an XFS diagnosis history. Of 12 966 individually sex-and birth year-matched controls (target ratio 5:1), 43 individuals had an XFS diagnosis history. Control individuals and patients with IH were predominantly white and non-Hispanic (Table 2 ). Patients with IH had a slightly lower imputed BMI and were more likely to have used tobacco compared with control individuals, consistent with prior reports. 16, 26 Both patients with IH and control individuals had a mean of more than 6 years of follow-up in Utah dur- ing a 20-year study period (1996-2015) based on UPDB demographic and medical records ( Table 2) .
Association With Exfoliation Syndrome
Overall, patients with IH had a 2.3-fold increased risk of an XFS diagnosis compared with control individuals (95% CI, 1.4-3.5; P = .03; Figure) . Of patients with a direct IH, increased risk of XFS was not observed (OR, 1.6; 95% CI, 0.4-3.7; P = .40). In contrast, patients with an indirect IH repair exhibited a 12-fold increased risk of an XFS diagnosis compared with matched control individuals, although the estimate was imprecise (95% CI, 4.0-38.7; P = .002). These findings, based on a bootstrap resampling approach to provide more reliable estimates given relatively few XFS diagnoses, were consistent with point estimates using an asymptotic (classic) conditional logistic regression model either adjusted for covariates or unadjusted (eTable in the Supplement). In the few patients with IH who had both a direct and indirect IH repair, risk of XFS was similar to patients with an indirect repair only (eTable in the Supplement). In the subset of 250 women with an IH repair, a similar increased risk of XFS compared with female control individuals was observed, although few outcomes (3 patients with IH and 3 control individuals had XFS) did not allow us to distinguish between risk of IH subtypes in women.
Discussion
Lysyl oxidase like-1 belongs to the family of lysyl monoamine oxidases, a group of 5 copper-dependent enzymes (LOX and LOXL1-4). This enzyme family is heavily involved in collagen and elastin metabolism; specifically, LOXL1 covalently crosslinks collagen and elastin fibers. 29 Dysregulation of LOXL1 is suspected to play a role in XFM formation, with XFM deposits likely resulting from increased synthesis or impaired degradation of elastin and ECM elements. Given the ubiquity of elastin and LOXL1 in ECM components, systemic disease associations with XFS beyond classical ocular manifestations have garnered interest; increased risk of cardiovascular disease, cerebrovascular disease, and sensorineural hearing loss have been reported. 7, 9, 24, 30 In 2016, we reported the association of XFS with increased risk of pelvic organ prolapse (POP) in women, where LOXL1 has been hypothesized to play a role.
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Research also supports a role for LOXL1 in the pathogenesis of IH. 31, 32 The tendency for XFS to aggregate within specific populations along with secondary environmental insults, such as trauma and/or ultraviolet exposure, has been described. This suggests an underlying genetic predisposition to develop XFS/ XFG and possibly other ECM pathologies including POP and hernias.
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Inguinal hernias are classified into direct and indirect subtypes and distinguished structurally by anatomic location and etiologically as congenital or acquired. Hernia manifestation occurs with pathological alteration of normal body wall fibromuscular tissues and/or ECM within the complex milieu of repeated 
Study Strengths
To our knowledge, this is the first health care system population investigation of an association between XFS and IH. The UPDB is a unique resource compiling comprehensive medical information electronically available since 1996, state vital records, and census data from more than 9 million individuals residing in Utah since the late 1800s. Additionally, it houses Utah genealogic records, allowing construction of large family pedigrees linked to medical and vital records. A unique resource of its kind, it enables high-quality epidemiology research to identify cosegregating diseases, familial disease clustering, and environmental exposures. Our results are generalizable to similar white populations of primarily northern European descent with access to a large health care system.
Study Limitations
Although a medical record review indicated that administrative codes were accurate to identify IH and its subtypes in our sample, we acknowledge potential bias from misclassification. Although most UPDB individuals have long follow-up times in Utah based on vital records and medical data, we cannot rule out that unaffected individuals with no hernia diagnosis or procedure in our data may have been treated outside of Utah, although we believe any misclassification from this source would be minimal. We acknowledge that patients having a clinical diagnosis of IH but who have not undergone surgical repair are not included in this analysis, and the association with XFS in this group is indeterminate. However, because IH subtype determination during surgical repair is considered the criterion standard, we elected to analyze only surgically confirmed IH to remove misdiagnosis confounders. While there is sparse literature on the proportion of patients with IH who undergo surgical repair, 1 randomized clinical trial comparing watchful waiting with operative repair in asymptomatic men with IH reported 79% of men older than 65 years in the watchful waiting group eventually underwent surgical repair at 10 years' follow-up. 50 Additionally, for patients 40 years or older in the UUHC database with an ICD-9 diagnosis code for IH, 97% also had an accompanying IH repair/procedure code. Thus, we believe our approach captured most IH diagnoses for UUHC patients in the database. 50 We acknowledge that XFS was relatively uncommon among patients with IH 40 years and older, given that XFS is generally diagnosed at older than 60 years during a routine vision examination. Beginning in 1996, when electronic medical records became available, more than half of our study participants with an IH diagnosis were younger than the mean age at which XFS is clinically recognized. We also note that patients with XFS were overrepresented in our medical record review; thus, estimates of risk within hernia subtype may be inflated. However, across all patients with IH, including those with subtype unspecified by code who were not selected for medical record review, we observed a more than doubling of XFS risk using both bootstrap and classical techniques; thus, we believe the association is not a spurious one. We did not control for multiple comparisons because the study was restricted to a limited number of planned comparisons and nominal P values are presented. Thus, we cannot rule out a chance observation.
Future Investigation
Given our intriguing population-based association between IH and XFS, we plan to expand our study to other types of hernia (eg, femoral, ventral, and gastric) and interrogate a larger IH data set. We will determine the feasibility of extracting accurate data for other documented or suspected risk factors for IH, including trauma, chronic cough, and constipation, as potential covariates. Because we previously found an increased risk of XFS in women with POP, our study data indicate that women with IH are more likely to have had a POP diagnosis than women with no IH history (OR, 1.7; 95% CI, 1.5-2.0; P < .001; data not shown). We will pursue obtaining medical records of other health care systems in Utah linked to the UPDB, including those of Medicare beneficiaries, as well as patient biospecimens to further explore a potential association between hernia, POP, and XFS. Studied independently, the pathogenesis of both XFS and IH are complex, familial, and multifactorial and appear to be associated comorbidities based on this UPEXS study. Both diseases independently illustrate epidemiologic evidence of population aggregation and familial predisposition, suggesting an underlying genetic component in pathogenesis. 3 
Conclusions
Exfoliation syndrome has historically been viewed primarily as an ophthalmic disorder. This investigation provides additional evidence to support a broad change in perception. 
